A simple time-and labor-saving one-step procedure suitable for analytical-, semipreparative-, and preparative-scale preparation of bacteriocins and other cationic antibacterial peptides (for example as lysozyme) has been developed. Suspensions of bacterial cells, other colloidal-and fast-particle materials, and dissolved anionic molecules passed through the column; however, cationic bacteriocins were separated by chromatography. The purity of the target substance at more than 97% was achieved by the judgment of spectral, chromatographic, and antimicrobial activity. A many-fold concentration increase was achieved for bacteriocins, lysozyme, and bacitracin (a commercial antibiotic) in comparison with the starting solutions (see the text below). In the experiments, homemade cation-exchange columns have been used. The columns have been prepared by the grafting of glass fibers with a diameter of 0.2 μm. In this paper, applications of a new type of liquid chromatography-colloidal high-performance liquid chromatography (CHPLC)-were demonstrated.
Introduction
The discovery of colicin V, a bacteriocin, by André Gratia (1893 Gratia ( -1950 in 1924-25 has been mentioned in [1] [2] [3] . Sir Alexander Fleming, in 1923, had discovered the bacteriolytic property of a cationic animal enzyme, lysozyme. The discovery of the first fungus antibiotic substance-penicillin-by Fleming put a hold on the development of bacteriocins; the second factor in the delay in development of bacteriocins was World War II. Many generations of penicillin have been developed since and up today [1] , together with many generations of tetracyclines [1] . However, growing microbial resistance and multi-resistance to antibiotics developed today has turned attention to several other classes of antibacterial substances-antibiotics from plants [4] - [13] and other sources. Some of the well-known antibiotics have unwanted side effects [14] . The antibiotic-resistant and multiple antibiotic-resistant (especially Methicillin-Resistant Staphylococcus aureus (MRSA)) species are the result of mass migration and insufficient hygiene and sanitation in the developing countries from which the mass migrations take place [1] [15] . The same phenomenon of spreading unknown new diseases in the regions to the native population occurred after 1492 in the Americas [1] [16] and in Europe [17] . The use of antibiotics in poultry [18] , fish farming [19] , and animal farming [20] contributed to and continues to contribute to antibiotic resistance and multiple antibiotic resistances, especially the spreading of MRSA. Bacteriocins and other cationic peptides/small proteins (such as lysozyme) became an antibiotic group for use for topical application and for use in the food industry [21] . The general problems in the mass production of these are the viscosity of raw material (as for lysozyme), or presence in the culture medium/Complex Medium of colloidal and fast-particle materials together with bacteria that are the producing source for bacteriocins [21] [22] [23] [24] [25] . Nearly the same problems are found in the production of antibiotics from all existing natural sources. All described protocols [21] [22] [23] [24] [25] and many others include numerous steps of precipitation, filtration, and even centrifugation prior to chromatographic purification. All described protocols recognize the loss of a significant part of activity and loss of target substance. All described protocols include the production of large volumes of liquid waste. These wastes contain antibacterial substances, remains of bacteria/molds, even small quantities of vital bacteria/molds, and significant quantities of nutrition broth, salts, and debris. Often the waste is not deactivated by sterilizing in autoclaves. All this waste, in some cases, is being canalized in nature/the environment, especially by pharmaceutical companies in developing countries. This is a significant contributor to the development of antibiotic resistance, multiple I. Brondz antibiotic resistance, and MRSA in wild creatures such as mammals, birds, fish, lizards, amphibians, and even in insects. From wild animals and vector insects that are carriers of microorganisms with resistance to antibiotics, the resistance to antibiotics is spreading to domesticated animals and to humans. By the vector insects, these are host organisms to microorganisms with strong single antibiotic resistance, multiple antibiotic resistance, and MRSA the resistance to antibiotics are also spreading to domesticated animals and to humans. The present paper describes a direct chromatographic procedure avoiding centrifugation, filtration, precipitation, and other time-and labor-consuming procedures. The advantages of the presented procedure are: 1) the high purity of the target substance, and 2) minimal loss of activity and target substance, if any, of antibacterial activity/antibacterial substance has been wasted. Generation of waste is minimal.
Materials and Methods

Instrumentation
For Colloidal High-Performance Liquid Chromatography (CHPLC) analysis, an HP 1100 instrument (Hewlett-Packard, Palo Alto, CA, USA) equipped with a diode array detector and ChemStation software were used. Detection was done at 245 and 254 nm, and a simultaneous UV scan was obtained in the range 190 -400 nm. The homemade analytical column was prepared by grafting glass fibers, similar to that described in [26] . Glass fibers with a diameter of 0. 
Biological Materials and Bacteriocin Assay
Bacterial samples, cultivation, and testing of bactericide activities of bacteriocins are described in [21] Homogenized hen egg white diluted with distilled water (solution 1) 1 to 10 v/v was prepared for the chromatographic isolation of lysozyme.
Every collected fraction was diluted with Complex Medium to 50 mL and its activity was tested against filtered culture medium. The final activity of a fraction was decided by the dilution at which the activity of the fraction was equal to the activity of the filtered culture medium. The bacteriocin assay details have been described in [21] .
Results
The chromatogram of Complex Medium in which Lactobacillus sake NCDO 2714 (type strain has been cultivated) was used to demonstrate the ability of CHPLC. On trail A, the first part of the chromatogram has been presented and on trail B the second part has been presented (the chromatogram was too long to be presented as one piece, for presentation in the paper it was necessary to cut it into 2 parts) Figure 1 . The most of antibacterial active substance was detected under the peak with R t = 15.670 min, the substances under peaks with R t = 10.945, 31.686, and 37.008 min were also antibacterial active, however with significantly lower activity.
The volume of the original fraction collected under the peak with R t = 15.670 min was less than 5 mL; however, its antibacterial activity was equivalent to that of the culture medium of 200 mL. By this, it is possible to estimate a minimal 40-fold increase in activity. The purity of the substance under the peak with R t = 15.670 min has been analyzed by DAD with a simultaneous UV scan in the range 190 -400 nm using ChemStation software. The purity of the fraction under the peak with R t = 15.670 min is more than 97%. The spectral purity of the fraction under the peak exceeds the threshold limit at 99.7% (spectral purity analysis not shown).
The chromatography of homogenized hen egg white diluted with distilled water 1 to 10 v/v was subjected to chromatographic isolation of lysozyme (chromatogram not shown). One in ten v/v solutions of lysozyme exceeded the viscosity of a solution that normally can be subjected to traditional HPLC; however, for the grafted glass fiber cationic column of CHPLC, this viscosity was not a problem.
Lysozyme, besides its medical application, is used in the study of the toxicity of pesticides and suppression of immunity by different pesticides [27] . Lysozyme is a glycoside hydrolase enzyme that normally catalyzes the hydrolysis of 1,4-beta linkages between N-acetylmuramic acid and N-acetyl-D-glucosamine residues in peptidoglycan, which is the major component of gram-positive bacterial cell walls. However, it was shown that lysozyme can be active also against gram-negative bacterial cells by hydrolysis of links in LPS if detergents such as synthetic EDTA, or natural taurine or gal acids have been added [27] . Active I. Brondz 
Discussion
The main technological achievement of CHPLC is direct possibility to use colloidal liquids by HPLC columns without of clotting danger. It was possible because of special arrangement of fibers in the column, absence of sinter in the head of column and the sinter with 0.5 mm at the bottom of column.
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